We calculate the magnetic moments of low lying heavy flavor bottom baryons using effective quark mass and shielded quark charge scheme. We obtain the magnetic moments of both J P = 1 2 + and
I. INTRODUCTION
The study of properties of heavy flavor baryons provides valuable insight into the nonperturbative aspects of QCD. Particularly, investigation of baryons containing bottom (b) quark is considered to be a necessary ingredient for understanding b-hadron phenomenology. In recent years investigations of the heavy baryon properties have become a subject of growing interest due to the experimental observation of many heavy flavor baryons [1] . All spatial-ground-state baryons carrying single charm quark have already been observed, and their masses have also been measured. Many spin- b have also been discovered [1] [2] [3] [4] [5] . Recently, SELEX Collaboration announced the doubly heavy spin-1 2 baryon state Ξ + cc with two charm quarks [3] . Very recently, CMS Collaboration at CERN observed the spin- [6, 7] . The hope for detection of doubly heavy and triply heavy baryons predicted by the quark model at the LHCb detector has been further raised by remarkable improvements in instrumentation and technology. Masses and magnetic moments serve as a rich source of information on the internal structure of hadrons. Experimentally, there exist measurements of the baryon magnetic moments of all the octet J P = 1 2 + baryons (except for the Σ 0 ) and two of the magnetic moments of J P = 3 2 + baryon decuplet [2, 8] . Theoretically, there exist serious discrepancies between the quark model predictions and experimental results. Magnetic moments of heavy baryons have been considered in several theoretical approaches. Extensive literature based on naive quark models, non-relativistic quark model (NRQM), logrithimic potential approach, bound state approach, relativistic quark model, effective mass scheme, power-law potential model, the skyrmion model, chiral quark model, chiral perturbation theory, QCD spectral sum rules etc. have been employed to analyse masses and magnetic moments of heavy baryons. Due to increasing experimental activity in bottom quark sector the theoretical focus has now been shifted on the b-baryon properties. Most recent theoretical analyses employ NRQM using AL1 potential [30, 31] , light cone QCD sum rules [32] [33] [34] , relativistic three quark model [35] [36] [37] , hypercentral model [38] and MIT bag model [39, 40] to calculate the magnetic moments and radiative decays of b-baryons. Earlier, Kumar, Dhir and Verma [27] used effective quark mass and screened quark charge formalism to predict the magnetic moments of spin-1 2 charm baryons, which was later extended to spin-3 2 charmed (C = 1, 2 and 3) baryons. In the present work, we further extend our analysis to bottom sector to determine the magnetic moments of baryons containing one or more b-quarks in effective quark mass and screened quark charge scheme. We compare our predictions with results from other theoretical approaches.
II. EFFECTIVE QUARK MASS SCHEME
We calculate the effective mass of the quark resulting from its interaction with the spectator quarks by single gluon exchange. Magnetic moment of baryons are obtained by using effective quark masses. The baryon mass is taken to be the sum of the quark masses plus spin-dependent hyperfine interaction [16] ,
where, s i and s j are the spin operators of the i th and j th quark, respectively; m E i denote the effective mass of the quark inside a baryon and b ij is given by
for baryons B(qqq) where Ψ 0 is the baryon wave function. There may also be a spin independent interaction term, the effect of which can be approximated by the renormalization of quark masses. Thus, the mass of the quark inside the baryon B(123) may get modified due to its interaction with other quarks. For quarks 1 and 2 to be identical, we write
where we use m 1 = m 2 = m and b 13 = b 23 ; α and β are the parameters to be determined as follows.
simplified to,
for
thereby giving,
Equation (1) can be written in generalized form for J P = 1 2 + baryons as
where 1, 2, 3 represents u, d, s, c, and b quarks. Following the formalism described above, for
+ baryons we get,
The parameterization used here seems to go beyond the leading order in quark mass splitting because the m i term appears as 1/m i m j through the hyperfine interaction. However, higher order effects are at least partially absorbed in the nonlinear fitting of the m i . It has been shown [14, 15] that contributions from new nonlinear terms must be small because the fitted masses satisfy the Gell-Mann-Okubo mass formula, which is exact to leading order in the quark mass splitting. Therefore, the effective quark mass defined here is equivalent to first order in baryon mass splitting to the leading order parameterization of the baryon masses in chiral perturbation theory [14] .
Values of quark masses and hyperfine interaction terms b ij are obtained from the known isomultiplet masses. We wish to point out that as compared to our previous work the b ij 's are obtained here in a more realistic manner corresponding to strange, charm and bottom mass scales. 
From Σ and Ω we obtain:
b ss = 76 MeV.
In charm sector, Σ c gives
which in turn yields,
In bottom sector, Σ b and Σ * b , leads to
which gives,
Assuming matrix element of spatial part of baryonic wave function to be flavor and spinindependent, we have now extracted ratios of α s for different quark mass scales i.e. Using these values of quark masses and hyperfine interaction terms b ij , we can obtain the effective quark masses for J P = 
III. MAGNETIC MOMENTS OF (J
In the present scheme, magnetic moments of J P = TABLE I: Expressions for magnetic moments of (J P = 1 2 + ) baryons using effective quark masses (in nuclear magneton).
Particles Magnetic Moment
Singly heavy Σ
We use (9) to obtain more general expressions for effective masses of the quarks inside the baryon as follows:
1. For (aab)-type baryons with quarks 1 and 2 being identical,
and
2. The baryonic states with three quarks of different flavor (abc) can have antisymmetric Λ [12] 3 -type and symmetric Σ {12}3 -type flavor configurations under the exchange of quarks 1 and 2.
(a) For (abc) Λ-type baryons,
and m
(b) For (abc) Σ-type baryons,
Using these relations we obtain the effective quark masses for
+ baryons as follows:
1. For singly heavy baryons,
2. For doubly heavy baryons, 
3. For triply heavy baryons,
Using these effective quark masses, we obtain masses of baryon iso-multiplets as shown column 2 of Table II . Further, we calculate the magnetic moments of J P = 1 2 + baryons as given in column 2 of 
For the sake of comparison we also give the results of the different models namely MIT bag model [39] , hyper central potential [38] , relativistic three quark [36] , light cone QCD sum rules [32] , NRQM using AL1 potential [30] , power-law potential [17] etc. [30, 32-34, 37, 38, 40, 41] , the standard convention is to denote the symmetric heavy diquark state as unprimed |B state and antisymmetric one as |B ′ . In addition, the wave function mixing between |B and |B ′ states have also been considered in [17, 37, 39] , which we have ignored in present analysis.
IV.
MAGNETIC MOMENTS OF (J P = Table IV .
In order to calculate the magnetic moments, we determine the effective quark masses of (J P = 3 2 + ) baryons from the following relations derived from (10):
1. For (aab)-type baryons,
2. For (abc)-type baryons,
3. For (aaa)-type baryons, 
Values of quark masses and hyperfine interaction terms b ij are taken from (12) and (13), which in turn yield the following effective quark masses for J P = 
We sum these effective quark masses to obtain masses of baryon iso-multiplets as shown in column 2 of Table V . These masses are also compared with results of various approaches. We calculate the magnetic moments of J P = 3 2 + baryons as given in column 2 of Table VI . We compare our results with different works based on Bag model [39] , NRQM [12, 39] hyper central potential model [38] , light cone QCD sum rules [34] , and NRQM with AL1 potential model [30] . The numerical results are discussed Section VI. 
V. MAGNETIC MOMENTS WITH EFFECTIVE MASS AND SHIELDED QUARK CHARGE:
Similar to the variation of the quark mass resulting from its environment, the charge of a quark inside a baryon may also be affected. For example, when a quark inside a baryon is probed by a soft photon, its charge may be screened due to the presence of the neighboring quarks [16] . This effect is in some sense similar to the shielding of the nuclear charge of the helium atom due to surrounding electron cloud. We take the effective charge to be linearly dependent on the charge of the shielding quarks. Thus effective charge of quark, a, in the baryon B(a, b, c) is taken as [16] :
where e a is the bare charge of quark a. Taking α ab = α ba and invoking the isospin symmetry, we obtain the following constraints :
in charm sector:
in bottom sector:
Using the SU(3) we get,
We can further reduce these parameters to
using SU(4) and SU(5) flavor symmetry which are badly broken. Redefining the magnetic moment operator,
we determine the baryon magnetic moments using the p, n and Λ moments as input, and fix the quark masses for numerical calculations: 
VI. NUMERICAL RESULTS AND DISCUSSIONS
In this paper, we have used effective quark mass and screened quark charge scheme to predict the magnetic moments of all the J P = 1 2 + and J P = Presently, no experimental values of magnetic moments are available for heavy baryon (charm and bottom) sector. One may expect them to be measured experimentally in near future as many interesting experimental results has been put forward recently [1] [2] [3] [4] [5] [6] [7] . Theoretically, bottom baryon magnetic moments have been calculated using various approaches listed in coulumns 4-9 of Table  III . We wish to point out that in order to compare results of various models care must be take of the notation of primed and unprimed states of singly and doubly heavy baryons. We observe the following:
1. Our results for bottom baryons with one heavy quark are consistent with the predictions of the hyper central model [38] and relativistic three quark model [36] . However, the results obtained in NRQM [12] and quark model based on power-law potential [17] are roughly 10% − 15% larger than our predictions with few exceptions. b are consistent with all the other approaches except for bag model [39] and relativistic three quark model [36] predictions which are smaller than our results.
Comparison of magnetic moments of doubly heavy Ξ
cb states in different approaches show disagreements. This may be attributed to choice of wave functions in different models. Our results are in nice agreement with to the NRQM with AL1 potential [30] and hyper central approach [38] , however, they are marginally higher than predictions of relativistic three quark model [36] . Also, it has been argued that mixing induced by color-hyperfine splitting may affect the magnetic moment values which has been include in improved bag model [39] predictions. 6. Our results involving singly heavy magnetic transition B ′ 1/2 → B 1/2 moments are in good agreement with NRQM approach [12] . In fact, analysis based on light cone QCD sum rules [32] predicts a similar value for transition magnetic moment µ Σ b Λ b = (1.6±0.4) n.m. However, for doubly heavy baryon state transition magnetic moments our result are small in comparison to other approaches. Table VI . We observe the following:
1. For the case of singly heavy bottom baryons, our results are consistent with the predictions of the hyper central model [38] , though smaller than estimates given by NRQM [12] .
2. As observed in J P = 1 2 + case, numerical results obtained by improved bag model [39] are smaller than all approaches.
3. The magnetic moments calculated in light cone QCD sum rules [34] are in nice agreement with our predictions, except for Ξ * 0 b magnetic moment value which is smaller than our prediction.
4. In doubly heavy baryon sector, as expected, our results are consistent with hyper central potential model [38] but larger then bag model [39] predictions. The numerical values of Ξ * + cb , Ξ * 0 cb , and Ξ * 0 bb magnetic moments in this work are smaller in comparison to the NRQM [12] and NRQM with AL1 potential [30] predictions, while rest of the predictions seems consistent with these approaches. We hope these results will motivate experimental and theoretical analyses in this direction in near future. 
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